Forum for Electromagnetic Research Methods and Application Technologies (FERMAT) 


ADVANCED BEAMFORMING NETWORKS 
AND ANTENNAS USING SYNTHESIZED 
TRANSMISSION LINES 


Tzyh-Ghuang Ma 


Distinguished Professor 
ә” ational Taiwan University of Science 


and Technology, Taiwan 
Visiting Scholar 
© University of Florida 





2015.10.12 


©The use of this work is restricted solely for academic 
purposes. The author of this work owns the copyright and 
no reproduction in any form is permitted without written 
permission by the author. 





Abstract 





This talk mainly covers a new thought to integrate the feeding networks of 
multiple phased arrays. With multi-operational modes (abbreviated as multi- 
mode hereafter) synthesized transmission lines, the feeding networks of 
several phased arrays with various functionalities could be integrated 
together without using active switches. The multi-mode line functions 
equivalent to its conventional counterpart with a specific characteristic 
impedance and electrical length in one of the given bands, but resembles an 
open or short circuit in the others. With the aid of synthesized lines, the 
direction of signal flows in the feeding network can be controlled with high 
degrees of freedom, and hence fulfill the design goal. As a proof of the concept, 
three heterogeneous integrated phased arrays, eventually could serve as the 
RF front-end in future UAV applications, are developed and introduced. 
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> Synthesized Lines with 


o  -Very compact size 

o  - Harmonic suppression 
o  - High compatibility 

о  - Systematic design 


But... you may image..... It's kind of boring ... 








» With any Add-on values? Capacitive pad Series LC tank 
- Oh..... “Dual/tri-state” operation 


Design of innovative antenna arrays wen t 





not feasible by conventional building blocks 





What we think about is 
e A phased array with multi-functions 


< 


Data communication & positioning 


ы 


Interrogator - transponder for data 
gathering 


y Wireless power transfer 
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> The problem is 
A phased array has 
e a complicated feeding network 


* an architecture highly depended on the application 
purpose 


* Is it possible to integrate the feeding networks of 
two or even more arrays as a whole? 


* If yes, how? 
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OPERATIONAL PRINCIPLE 


Our approach - using dual-operational mode 
synthesized lines 
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OPERATIONAL PRINCIPLE 


» Dual-mode operation with different line impedances 
-35-O 90-degree line (/;) to 50-O line (f). 
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OPERATIONAL PRINCIPLE 


» Dual-mode operation with different line impedances 
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OPERATIONAL PRINCIPLE 


LI Right-handed /Left-handed synthesized lines 
О Left-handed line with control of stopband 
response 
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Dual-mode Retrodirective Array 


Facts - 
o Retrodirective Array (RDA) 
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o Find applications 1n 
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Dual-mode Retrodirective Array 


» Common ways to realized RDA 
- Van Atta array 


- Phase conjugating array » Phase difference reversa 


- Reflection-type RDA 
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* Dual band operation?!! 


Dual-mode Retrodirective Array 





> First Heterogeneous Integrated Array (TMTT Dec. 2011) 
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Dual-mode Retrodirective Array 


> Core “dual-mode” building blocks 
Serial signal path 
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Dual-mode Retrodirective Array 






» Operation in the lower band - Reflection-type RDA 
35-ohm delay lines 
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Dual-mode Retrodirective Array 


> Operation in the upper band - Van Atta array 
35-ohm delay lines with length бд 
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Dual-mode Retrodirective Array 
RDA in the low band 
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USING THE SAME CONCEPT.... 


Beam-switching/RDA array 
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Retro signal Interrogation signal 
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Dual-mode phased array 
as a retrodirective array 





Dual-mode phased array 
as a beam-switching array 








USING THE SAME CONCEPT.... 
Beam-switching/RDA integrated array 
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Our vision 


> Simple phased array with multiple functionalities 
for WSNs 
» Monitoring 
» Gather information 
» Data exchange 
» As a payload of UAV, etc. 





Our vision 





> Inspired by large-scale demonstration 
> Integrate a simple arrays into the WSN 


» Not too complicated, just 2-4 elements 








Our vision 


> Application scenario - smart home 
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Beam-switching/Van Atta/PCA array 





Diplexer Butler Matrix & PCA 


= Van Atta Array 
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Beam-switching/Van Atta/PCA array 
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By replacing the three channel selector...... 
Is the integration of heterogeneous array ready achieved? 
Not that easy !! 
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Tri-mode coupler 
as a coupler 
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Final Layout 
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Dual-mode phased array 
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Experimental Results 
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and Many More.... 








Conclusion 


o Multi-operational mode synthesized lines 


as Dual-band Retrodirective Array 

as Dual-(tri-) mode Beam Switching/RDA array 
as Two element Integrated Array 

as Amphibious Antenna 


and, many more applications waiting for our | 
investigation! 





